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REMARKS 

Fo rmal Matters 

Claims 1-3 and 20 are pending. 

Claims 1-3 and 20 were examined and rejected. 

Claims 1 and 2 are amended. The amendments were made solely in the interest of expediting 
prosecution, and are not to be construed as an acquiescence to any objection or rejection of any claim. 
No new matter is added. 

Applicants respectfully request reconsideration of the application in view of the remarks made 

herein. 

Interview Summary 

Examiner Ponnaluri is thanked for the telephonic interview held on November 29, 2005, with the 

Applicants' representatives James ICeddie, Carol Francis and Jim DiehL 

Outstanding rejections and arguments to overcome those rejections were discussed 

During the interview, Examiner Ponnaluri agreed that the Applicants' results were surprising in 

view of the statue of the art at the time of filing, which art would lead the ordinarily skilled artisan to 

expect that there would not be success in use of a retroviral vector to express a wild-type Renilla GFP. 

The Applicants agreed to re-firame their arguments to emphasize their unexpected results. 

Rejections under 35 U»S»C» S 103- general discussion 

As a preliminary matter, the Applicants note that the claims are amended to delete the phrase 
"adapted fortransfecting a mammalian cell". 

As discussed in the aforementioned interview, retroviral vectors are inherently capable of transfecting 
a mammalian cell The Applicants submit that the phrase * 'adapted for transfecting a mammalian cell" need 
not be recited in the instant claims. 
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The rejected claims relate to a retroviral vector containing a polynucleotide encoding wild-type 
Renilla GFP. The Applicants note that the claimed vector is a retroviral vector and the Renilla GFP 
sequence is wild-type . SEQ ID NO:2 is the amino acid sequence of the wild-type Renilla GFP. 

The claims stand rejected over Bryan (disclosing a sequence of a wild type Renilla GFP) in view 
of Aran and/or Zolutukhin (each disclosing a retroviral vector encoding human codon optimized, 
mutated Aequoria GFP). According to the Office, Aran and/or Zolutukhin' s retroviral vector, in 
combination with Brian's wild type.Renilla GFP sequence, render the claims unpatentable. 

The claimed retroviral vector may be used to express wild type Renilla GFP in mammalian cells. 
Results supporting this statement are shown in the instant specification. 

Simply put, the results achieved with the claimed invention were unexpected because the Applicants 
found success in an area in which others had found only failure: namely expression of wild type green 
fluorescent proteins using a retroviral vector. The Applicants* success was surprising because the art at the 
time of filing shows that wild-type GFPs other than the wild type Renilla GFP (i.e., the wild-type 
versions of the particular mutant GFP used by Aran, Zolutukhin and others) could not be expressed in a 
mammalian cell using a retroviral vector. 

The Applicants 1 position is factually supported by the publications of Aran, Hanazano, Levy, Cheng 
and, and others, who unsuccessfully tried to express wild-type Aequoria GFP using a retroviral vector. 
The publications were published before the time of filing of the instant application and were readily 
available at the time of filing. 

To support of the Applicants* position, the Examiner's attention is drawn to the first full 
paragraph of page 204 of Aran's disclosure* In this paragraph, Aran states that when a retroviral vector 
encoding a wild type Aequorea GFP was introduced into in a mammalian cell, fluorescence was 
" undetectable" . 

Several other research groups — namely those of Hanazono, Levy, and Cheng — independently 
experienced problems in this same effort. 

Hanazono (Hum. Gene Ther. 1997, 8:1313-9; Exhibit A) stated in the abstract that 4 *many 
attempts by our laboratory to isolate stable retroviral producer cell clones secreting biologically active 
vectors containing either the highly fluorescent S65T-GFP mutant or humanized GFP haveiatferf", and 
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with reference to retroviral vectors encoding GFP, stated in the overview "stable clones produced 
neither virus nor GFP " and "GFP may not be a suitable selective marker in mammalian gene transfer 
systems". 

Levy et ad. (Nature Biotechnology 1996, 14: 610-4, at p. 613, first fall paragraph; Exhibit B) 
states that "Our experiments are in agreement with these results in that transient transfection which 
transfers multiple transgene copies of wildtype GFP expression cassettes were visualized, but we found 
that stable transduced lines with a single transgene copy of wildtype GFP could neper be visualized by 
fluorescence microscopy (Table 1)". 

Likewise Cheng et al (Nature Biotechnology 1996, 14; 606-609; paper enclosed as Exhibit C) 
states in the second paragraph of the introduction "the expression and detection of wildtype GFP 
(wtGFP) in mammalian cells reportedly failed '*. 

Further, several other publications generally state that wildtype Aequorea green fluorescent 
proteins are toxic to living cells (see Lie et al Biochem. Biophys. Res. Commun. 1999, 260:712-717, 
Duisit et al. Mol. Ther. 2002 6:446-454 and various publications by Stratagene, enclosed as Exhibits D, 
E and F). 

It was not until the publications of Levy et al (Nature Biotechnology 1996, 14: 610-4; Exhibit B) 
and Cheng et al (Nature Biotechnology 1996> 14: 606-609; Exhibit C) thatjed-sbifted, humanized, 
optimized variants of Aequorea GFP suitable for use in retroviral vectors became available. Identifying 
these Aequorea GFP variants was not a trivial task. 

Aran, Hanzano, Levi and Cheng clearly state their failure to express wild type Aequoria GFP 
using a retroviral vector. 

The Applicants submit that in view of the known difficulties in using retroviral vectors to express 
Hie Aequorea wild type green fluorescent proteins, one of skill in the art would fully expect that a retroviral 
vector encoding a wild type Renilla GFP would also fail. In direct contrast to the prevailing wisdom at the 
time of filing, the inventors discovered that wild type Renilla GFP c ould, in fact, be expressed in mammalian 
cells using a retroviral vector. The Applicants submit that this result was unexpected, and could not have been 
predicted from the art at the time of filing. 
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During the interview, the Examiner asked the Applicants if they knew of any reason why, in 
view of the precedent for failure, the inventors found success in using the claimed invention. 

It is the Applicants* understanding that exact mechanism by which Aequoria GFPs foil to be 
expressed using a retroviral vector is not known and, as such, the underlying reasons for the Applicants' 
success are not understood. Furthermore, the Examiner is reminded that it is well established that an 
understanding of the scientific theory or principle underlying an invention is not a requirement for 
patentability. 1 Thus, while the exact molecular mechanism underlying the Applicants' success may be 
an interesting topic for discussion, such a discussion should have no bearing on the patentability ot the 
rejected claims. 

The general discussion set forth above supports the Applicants' position that Aran, Bryan and/or 
Zolutukhin, cannot be combined to render the claimed invention obvious. Withdrawal of rejections that 
rely on the disclosures of these references is respectfully requested. 

Each of the rejections set out in the Office Action is addressed in detail below. 

Rejection under 35 U.S.C. S 103 - Bryan and Aran 

Claims 1-3 and 20 remain rejected under 35 U.S-C. § 1 03(a) as being unpatentable over Bryan 
and Aran. The Office Asserts that Bryan's GFP, in combination with Aran's retroviral vectors, renders 
the subject matter of the instant claims obvious. 

In view of the generally discussion set forth above, the Applicants submit that this rejection has 
been adequately addressed. Withdrawal of this rejection is respectfully requested. 



1 See, e.g., In re Gazave, 379 F.2d 973, 978, 154 USPQ 92, 96 (CCPA 1967 ); In re Chilowsky, 229 F,2d 457, 462, 108 
USPQ 321, 325 (CCPA 1956) and Philip Morris, Inc. v. Brown & Williamson Tobacco Corp., 641 F. Supp. 1438, 1483 n.13, 
23 1 USPQ 32 1 , 355 n. 1 3 (MX). Ga. 1 986). 
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Rejection under 35 tLS.C. 8 103 ■ Aran. Bryan and Zolutukhin 

Claim 20 is rejected under 35 tLS.C. § 103(a) as being unpatentable over Aran, Bryan and 
Zolutukhin. The Office Asserts that Aran's retroviral vectors, Bryan's Renilla GFP and Zolutukhin's 
human codon optimized GFP renders the subject matter of the instant claims obvious. 

In view of the generally discussion set forth above, the Applicants submit that this rejection has 
been adequately addressed. Withdrawal of this rejection is respectfully requested. 

Rejection under 35 1LS.C. $ 103 - Zolutukhin and Bryan 

Claims 1-3 and 20 are rejected under 35 U.S.C. § 103(a) as being unpatentable over Zolutukhin 
and Bryan. The Office Asserts that Zolutukhin' s human codon optimized GFP retroviral vector, in 
combination with Bryan's Renilla GFP, renders the subject matter of the instant claims obvious. 

In view of the generally discussion set forth above, the Applicants submit that this rejection has 
been adequately addressed. Withdrawal of this rejection is respectfully requested. 
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CONCLUSION 



The Applicants submits that all of the claims ate in condition for allowance, which action is 
requested. If the Examiner finds that a telephone conference would expedite the prosecution of this 
application, please telephone the undersigned at the number provided. 

The Commissioner is hereby authorized to charge any underpayment of fees associated with this 
communication, including any necessary fees for extensions of time, or credit any overpayment to 
Deposit Account No. 50-081 5, order number R1GL-01 1 . 



B021CEVIC, FIELD & FRANCIS LLP \ 
1900 University Avenue* Suite 200 
East Palo Alto, CA 94303 
Telephone: (650)327-3400 
Facsimile: (650)327-3231 

F:\0OCUMENT\RIGL (Rigel)\0l l\Rcsponae to OA dated August 18, 2005,doc 



Respectfully submitted, 

BOZICEV1C, FIELD & FRANCIS LLP 





Jines S. Keddie, Ph.D. 
Registration No. 48,920 
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Green Fluorescent Protein Retroviral Vectors: 
Low Titer and High Recombination Frequency 
Suggest a Selective Disadvantage 



YOTABCA HANAZONO, JIAN-Mtfl YU, CYNTHIA E. DUNBAR, and ROBERT VJB. EMMONS 



ABSTRACT 

Green fluorescent protein (GFP) has been used as 9 reporter molecule for gene expression because St fhio- 
retices green after blue-light excitation, Inclusion of U11* gene in a vector could allow rapid, nontoxic selection 
of successfully transduced cells. However, many attempts by our taburutury to isolate stable retroviral pro- 
ducer cell clones secreting biologically active vectors containing either the highly fluorescent S65T-GFP mu- 
tant or humanized GFP have failed. Vector pJasmids containing various forms of GFP and the neomycin re- 
sistance gene were transfected into three different packaging cell Ibies and fluorescence was observed for 
several days, but stable clones selected with G418 no longer fluoresced. Using confocal microscopy, the bright- 
est cells were observed to contract and die within a matter of days. RNA slot-blot analysis of retroviral pro- 
ducer snpernatants showed no viral production from the GFP plasinid-tradsfected clones, although all clones 
derived after tronsfectlon with an Identical retroviral construct not containing GFP produced virus. Genomic 
Southern analysis Of the CFP-fcronsduced clones showed a much higher probability of rearrangement of the 
priviral sequences than In the control non-GFP clones. Overall, 18/34 S65T-GFP clones and 17/33 human- 
Ized-GFP clones had rearrangements, whereas 2/15 control non^GFP clones had rearrangements. Hence, pro* 
ducer cells expressing high levels of these GFP genes seem to be selected against; with stable clones undergo- 
ing major rearrangements or other mutation* that both abrogate GFP expression and prevent vector 
production. These observations indicate that GFP may not be an appropriate reporter gene for gene trans- 
fer applications In our vector/packaging system. 



OVERVIEW SUMMARY 

In this study, we systomictiHy examined the production of 
retroviral vectors expressing green fluorescent protein 
CGFP) and report thnf, dvtfpite die production of low levels 
of vector from bulk popuiotloriR i\f fluorescing puckugj ng 
cells soon after (ttinsfection, stable clones produced neither 
virus nor GFP. A significantly Itlgjber frequency of re- 
arrangement of Ubc proviral sequences in the stable clones 
was found by genomic Southern analysts compared to con- 
trol producer cell lines. This implies ft selective advantage 
for those clones that rearrange the GFP gene and abrogate 
Its expression. Hence, GFP may not be a satiable selective 
marker for nuwiraallaj] guoe transfer applications In our 
vector/packaging system. 



INTRODUCTION 

GKbbM FLUORESCENT PROTEIN (GFP) IS derived ffOOl the jcl' 
lyfishAaqnoria viavria. The GFP cDNA encodes a 23 &- 
flrrririo-*tci<i protein with a molecular weight of 27 fcD (Praaher 
et aU 1992). Blue light stimulates the excitation and green flu- 
orescence from a cycllzcd GPP fluorcphore formed by serine- 
65, tytt>E$inc~66, Dnd giycine-67. Llght-sUmulated fluuicaccnco 
does not require co-factors, substrates or additional gene prod- 
ucts, unlike other fluorescent markers. The signal is detectable 
by both fluorescent microscopy or fhiotc&cenw-uctivHted cell 
sorting (FAC5) analyst of live cells (Challic et al % 19°4). 
However, the flmiresceiice of wild-type GFP after visible spec- 
trum excitation is not strong tncaigb for most applications. 
Therefore, variants of CFP> such <w S65T-GF1 1 in which scr- 
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mo-6S is altered to threonine, have been developed resulting in 
a red-shifted e^ciuulou peak and four- to six- fold improvement 
in emission intensity (Heiin et qL 1995). Recently, another mu- 
tant OFP, humanized S65T-OPV (hGFP). was derived to opti- 
mize human-type codon usage, possibly resulting in the im- 
proved translation of the gene (Levy qI, 1996; Xolotukfain 
etaU 1996). 

In the field of gene transfer technology, marker gene* al- 
lowing direct and simple detection of successfully transduced 
cells would be extremely useful (Kain and Ganguly. 1995). 
The possibility of immediately selecting for successfully 
transduced viable cells by simple FACS would be especially 
welcome in the field of gene transfer to hematopoietic stem 
and progenitor cells (Dunbar and Emmons, 1994). Gene 
transfer efficiencies, even with widely u«ed end wcU-devel- 
oped murine retroviral vectors, arc very low and an abibty to 
select and possibly expand transduced cells could greatly im- 
prove Ihc possibility for real Ihexapcutic applications. Detec- 
tion of marker gene products such as ^-galactoauUisc (£-Gal). 
luciferase, chloramphenicol acety (transferase (CAT), or al- 
kaline phosphatase involves either cell fixation, which kills 
the cells, or antibody-mediated detection, which Is time-con- 
suming and can be prone to high background. Drug resistance 
genes allow positive selection of transduced celts only wUh 
days to weeks Of growth in selective media, likely changing 
the characteristics of the target cells through terminal differ- 
cotintion or other processes. These problems have stimulated 
investigators to search for a better getie marker system that 
provides timely, accurate, And nontoxic detection of suc- 
cessful transduction in living cells. One of tho candidates is 
OFP. 

Wo have attempted to isolate stable retroviral producer cell 
lines packaging a retroviral vector containing the GFP gene 
aud the neomycin resistance (net?) gene. In this report, we 
demonstrate that stable clones producing GFP vectors could 
not he isolated after drug selection despito initial detection of 
GFP expression in the packaging cell lines- The G413-rcsis- 
tant clones were found to have rearranged at high frequency > 
precluding GFP expression and vector production, presumably 
due to a strong selective advantage for loss of GFP expres- 



MATERIALS AND METHODS 

Ptasmid construction 

The plasmid pGlNa (Genetic TheTapy Inc., Gaithersburg, 
MD) served as the backbone for our GFP vectors. For 
pGlNGFF, a splice drwior site was inserted 5' to the mo gene, 
and a spliec acceptor si tn and the S65T variant of the GFP gene 
(Clontcch, Palo Alto. CA^ were introduced 3' of the neo gene 
such mat both genes were driven from the 5' long terminal re- 
peat (LTR). pGlXGFP was produced by inserting the S65T- 
GFP gene 5' of the nap geoo in pGlNa under the control of the 
5'-LTR_ An 3 V40 immediate early promoter was then inserted 

5' of the neo sequence to drive this gene (Fig. 1). pGlNhGFP 
was then constructed by replacing the S65T-GH* gene in 
pGlNGFH with the humanized form of S65T-GFP (bOFP) 
gene (Oontecli. Palo Alto. CA). 



pGINa |*"s'ltb 



X™3 



pG1 NGFP 



FIG, 1. Retroviral plasmid constructs. The backbone of the 
retroviral constructs was pGlNa. Two retroviral constructs, 
both expressing SG5T-GFP from the 5' LTR promoter, were 
produced. In one construct, a /reo gene shared the 5' LTR pro- 
moter through a splice donor-acceptor site (pGINGFP) and in 
the other construct neo was driven by an SV40 promoter In- 
dependently (pGIXGFP). LTR, long terminal repeat; GFP, 
S65T form of the GFP gene; NEO, neomycin resistance gent?; 
SV, SV40 immediate early promoter; SD, splice donor site; SA, 
splice acceptor site; viral packaging signal. 



Retroviral producer ceil lines 

V-CRIP (Danos and Mulligan, 1988) and PA317 (Miller 
and Baltimore, 1986) are murine ampho tropic retroviral pack- 
aging cell lines. <$~2 (Mann et at.. 1983) is amurine ecotropic 
retroviral packaging call line. Cells were grown in Dulbccco'.ti 
modified Eagle's medium (DMEM) supplemented with 10% 
newborn calf serum (GIBCO-BRL, Gaithersburg, MD) at 
37°C and 5% CO*. 'K'-CRIP, PA317. and ¥-2 cells were 
tranafected with plasmids by the Upofectlo method according 
to the manufacturer's protocol (GIBCO-BRL). After 48 hr, 
some plates were exposed to media containing 400 j&g/ml 
G41 & (active) (GIBCO-BRL) and other plates were split 1:5, 
1:10, 1:20. 1:50, and 1:100 iuto the G4l8-comaming selec- 
tive mcdin. The cells were grown for 10-14 days and either 
bulk G4l8~resismnt or macroscopic individual clonal popu- 
lations were expanded for further study. Clonex wen? grown 
for 2-4 weeks before culture supernatant was harvested for 
slot-bloc hybridization and DNA was extracted for Southern 
blot analysis. 

GiNa.40 is a cloned ampbotropio GlNa-produccr cell line 
derived from PA3X7 (Genetic Therapy Inc.. Gaiihdrsburg, MD) 
with a titer of 1-5 X 10 6 particles/ml. 



Shuttle packaging experiments 

We nsed the BOSC23 cells for transient expression of retro- 
viruses (Pear et al„ 1993). The cells were tranHfccted with plas- 
mida by the culcium phosphate method described elsewhere 
(Pcai craL 1993). Two days after transaction, the supematants 
containing viruses were collected and fdlcrcd. Vims production 
from the BOSC23 cells was contained by the slot-blot analy- 
sis, as described below, Packaging cells were infected with the 
supematants of the BQSC23 cells as previously described 
(Migita et at, 1995) 
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Fluorescent microscopy 

A fluorescent coiifbc*! microscope with a mercury urc lamp 
<10O wait) and & fluorescent filter set (^insisting of a 480/40- 
nni excitation filter and a 535/50 -nm emission filler) was used 
to detect GFP in living cells (Niteoji, Melville, NV). 

Slot-blot analysis 

Supernatant* from 70-90% of •confluent producer cells were 
filtered through filters. One rnillinfer of each super- 

nntant precipitated with 30% polyethylene glycol B000 
(Fisher Scientific l^ir Uwo, NJ) and the pellets were reaus- 
pended with 200 ytX of Trfe-EDTA butter (ph 7.4) containing 
10% (wt/vol) vanadyl ribonucleaso complex (Gibco BRU 
Gaiehersburg, M£>) and 1 00 I of yeast tRNA (CTUCO-BRL) 
and then lyscd by adding 200 $*\ of 2X Jysis buffer (1% SDS, 
0.6 M NaCl. 20 niM EDTA» and 20 toM TnVHCl pK 7.4). Retro- 
viral UNA was extracted from die lyscd solution by phenol. The 
RKA was reconstituted with 500 /*! of a 7.5% formaldehyde so- 
(ution containing 1 J5 M NaCl and 150 mW sodium curate pH 
7.0. Next, 100 and 400 of each RNA sample were loaded 
into adjacent wells of the slot-blot apparatus MmifoW II (Schle- 
icher &. SchucJL Kccne, NH) with vacuum applied, The transfer 
membrane (Hybowl N + , Amersliam, Cleveland, OH) was hy- 
bridized with a two probe or GFP probe generated by PCR. The 
neo gene primers are 5 ' - ATGA TTG AACA AG A'lXJ G ATTGCA- 
3' and5'-AGGCATCGCCATGGGTCACOACGAGAT-3'. The 
priincr sequences for the S65T-GFP gene are S'-CTGOA- 
GTTGTCCCAAITCTTGTTa-3' and 5'-TCAAGAAGGAC- 



CA1XjTGGTCTCTC~3\ and those for the humanized S65T-GFP 
gene are 5 '-TGAACGGCCACAACTTCAGCGTCTr-^ ' and 5'- 
1TACTTG- TACAGCTCOTCCATCCCO'. l^adiolabcJing of 
the probes was done using art otigol&bcu'ng kit (Pharmacia, Pis- 
cataway, NO- 

Southern blotting 

Nuclear DNA was extracted from producer cells or NIH-3T3 
cells using a nouurgHnic DNA extraction kit (Oncer, Gaithers- 
burg, MD), Ten micrograms of DNA was digestod with Sue I> 
separated on a 0.8% agarose gel. and transferred onto the ny- 
lon membrane Hybond-N 4 " {Amersham, Cleveland, OH). The 
radiolabeled DNA probo was a nto or GET gene- specific se- 
quence as described above. 



RESULTS 

Preparation of retroviral producer cells 

The two retroviral plasmid* pGlNGFP and pGlXGPP were 
modified from the parental plasrnM pGlNa (Fig, I) by the in- 
sertion of the S65Tfonn of the GPP cDNA. Ampnotropic retro- 
viral packaging ceils H'-CRIP and PA317 and ecotroptc retro- 
viral packaging cells ^-2 were tranafected with the plasniids 
pGlNa. pQINGFP. and pGIXGFP by the lipofectin method. 
Bulk producers and cloned producer ccD lines expressing GINa. 
GINGFP. and OlXCFP were derived after G418 selection as 
described above in Materials and Methods. 



A 



B 




" 4 



HG. I. Fluorescent microscopic observation of the ^-CRIP cells transacted with the GFP retroviral plasmid. ^-CRIP cell* 
JvnL 0 ?? sfectc< * ^ P 01 ^^ by the lipofecrin method. Two days after transfection, the cells were plated in the presence Of 
G413. Two typical examples (A and B) are shown hen*. Followed under confocal microscopy, the brightest cells were observed 
to form mclupiou bodies and to contract ami die within 7-10 days 
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Observation of producer cells under fluorescent 
microscopy 

The cells were followed beginning immediately after trans- 
fecttan far fluoresce ace u&ing confocal microscopy* Fluores- 
cence of cells transfected with the OFP-contaiiiijig plasmids was 
observed for below $% of die cells for the first 3-7 days of 
growth of the transfected cells, but by 10 days neitfiia* stable 
G418-sclected clones nor bulk populations of cells fluoresced. 
The wine low of fluorescence was observed with or without 
<34t8 selection. Followed under confocal microscopy, the 
brightest cells were observed Co contract wnl die withid ihe first 
7-10 days. Figure 2 A shows an example of ¥-CRJP cells trans- 
fecied with pGlNOFP. A lepresemativo, very bright cell is 
sJjuwd at day 4 after rxansfecUon. Tho same cell had developed 
an inclusion body by day 7, and by day 8 the coll hod con- 
tracted* died, and no longer fluoresced* Another example shows 
that two ^-CRIP colls transfected with pdNGFP were fluo- 
rescing at day 2 after transfection (Fig. 2B), Some inclusion 
bodies were detected by day 4> and by day 5 the cells had died 
and no longer fluoresced. The samo pattern of early fluores- 
cence, inclusion body fdrintttion, and death of bright cells was 
seen with PA317, W-2» and 3T3 cell lines trajisfected with the 
plasmids under the same conditions. No cells transfected with 
the control pGlNa plasmid over fluoresced or showed similar 
paitemii of inclusion body formation and cell death. 

Virus production 

Retroviral RNA was extracted from supernatants of the 
CRD? producers, and slot-blot analysis was performed using a 
radiolabeled ru>o probe. The supernatant* of the bulk G418-sc- 
lected producers harvested 10-14 days after transfection were 
shown to contain low levels of viral RNA (Fig. 3A). There was 
little difference between amounts of viral RNA produced by 
bulk populations of ceDs trartsfected with pGlNa, pGtNGfP, 
or pGlXGFP. AJ1 were orders of magnitude lower than super- 
natant from tho GlNa.40 clonal producer cell line used as a 
positive control 

The supernatants from individual producer cell clones se- 
lected by growth in G4]8 and harvested 4-6 weeks after trans- 
fection with the pGINa piasntid were also shown to make vi- 
ral RNA, although at levels 1-2 logs lower than the positive 
control producer OINa.40 (Fig. 3B). However* no evidence of 
virus production from the pOlNGFP- or pG1 XGFP-transfccted 
clones could be obtained by slot-blot analysis (Fig. 3C). A to- 
tal of 32 clones (9 clones for G1NOFP and 23 clones for 
GIXGFP) assayed had no detectable viral RNA production, We 
have repeated the slot-blot analyses looking at vims production 
from these clones with a OF? probe* and confirmed that no vi- 
ral particles eootuining the GPP sequences were being produced 
(data not shown). We hnvc also confirmed hick of virus pto* 
duction by these producer clone* in a functional titering assay: 
3T3 cells exposed to (he viral superaatams from the G1NGFP 
or GtXGFP clones In the presence of protamine did not be- 
come G418-rtsi&tam, and did not show any fluorescence (data 
not shown). 

Infection with transient GFP retroviruses 

The BOSC23 celts were also used to test the retroviral con- 
structs end to produce ecotrupic retroviruses. We iron sleeted 
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PTC. 3. Sloublot analysis. Viral RNAs were extracted from 
1 ml supernatants of producer cell line conditioned media. The 
RNAs were loaded into two adjacent wells in the ratio of 1;4 
and tmnsf erred onto nylon membranes. The mcrntaranes were 
hybridized with a radiolabeled probe of the neo gcne-speciflc 
DNA sequences. The positive control was the cloned producer 
cell hTU;<3lN8.40 supernatant (titer 1-3 x !0*purticlcs/ral)and 
the negative control was the medium, The bulk producers (at 
10-14 days after Crunsfoction) wore shown to produce retro- 
viruses of GINa, G1NGFP, and GIXGFP (A). However, pro- 
ducer cell clones 4a 4-6 weeks after transfection for GINGFP 
and GIXGFP and selection with G418 no longer produced vi- 
ral RNA (Q, although producer cell clones isolated at the same 
time containing CINu still produced viral RNA (3). 



the BOSC23 cells with our GFP plasmids by the calcium phos- 
phate method. Two days after transaction, when approximately 
80% of the cells fluoresced, the supetnatanM were harvested 
and filtered. RNA slot-blot probed with neo or GFP sequences 
revealed a high level of production of viral RNA, higher than 
a comparable producer cell Hne (GlNa.40) with a known bio- 
logic titer of 10* particles/ml (data not shown). The high per- 
centage of ceils visibly expressing high-level GFP was most 
likely due to the multiple copies per cell in the BOSC tran- 
siently expressing retroviral producer system. Wc then infected 
P A3 17 and W-CRTF packaging cells with the supernatants, The 
number of the cells fluorescing was below 1%, probably re- 
flecting the fact ihat most cells only contained a single copy of 
the vector, or a potential selective advantage favoring re- 
arrangement of the vector in the transfected BOSC cells, with 
resultant poor transduction efficiency. The brightest Cells in- 
fected with the virus died approximately 1 week after infection, 
even without G418 selection, in the same way as the packag- 
ing ceils directly transfected with the GFP-contaliiing pluvroids. 

Southern blot analysis of the producer cell lines 

To try and explain the inability of Che stable G4l8-n?sistant 
producer clones transfected with die GFP constructs to make 
retrovirus, Southern blotting was performed. Genomic DNA ex- 
tracted from tho *P-CR1P producer cell lines was digested with 



PAGE 16/31 1 RCVD AT 1215/2005 3:48:41 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-6/41 ' DNIS:2738300 * CSID:6503273231 » DURATION (mm-ss):1 2-52 



DEC-05-E005 13:59 FromrBFF LLP 



6503273231 



To:USPTO 



P. 17/31 



[ffim. \l 2004 9:12AM Mail INFOQATE-IE INFO EXPRESS 

GFP AS A SELECT ABLE MARKER IN GENE TRANSFER 

S" 

4 



NO. 5042 P. 6/3 



1317 



Sac I, a restriction enzyme that cuts in the LTRs but not within 
the viral construct sequence. Each insertion of the pksroid se- 
quences in the 'producer cell genome should result in 2.4-, 
3.4-, and 3-6-Vb bands for GlNa, G1NGFP. and GiXGFP, re- 
spectively, when probed with an internal probe such as neo gene 
sequences. 

There were rearranged bnods in four of the five G1NGFP 
clones studied and in four of five GlXGFP clones (Pig. 4A). 
Some clones were completely missing the band of the correct 
size (two of the five clones tor G INGFP. one of the five clones 
ibf GIXGIT). One clone of C J NGFP (clone 3) hadavety high 
copy number of the inserted sequence in its genome, presum- 
ably du« to duplication of the gene. We hove rcpTObed the mem- 
brane with a GFP probe: Some bands disappeared, Suggesting 
complete deletiou of the GFP sequences, whereas other bands 
had the same pattern as with the wo gcoe probe, suggesting ic- 
arrangements in the viral regions (data not shown). 

In the GlNa-produccr cell clones derived at the same time, 
there was a significantly lower frequency of clones with re- 
arranged bands of the incorrect size (Fig. 4B) as compared to 
either GFP construct One clone had a larger rearranged band 
and was missing the correct band (clone 4). Nonetheless, cbe 
clone still produced viral RNA (Fig. 3C), indicating that the 
critical control and packaging sequences were intact In lutal, 
Ihcic were 15 rearranged bands in the 10 GFP-produccr cell 
lines, but at most two rearranged bands in the five GlNa- 
producer eel) lines. We obtained similar results with Southern 
blotting of DNA from the V-2 and PA317 clones (Table !)■ 

Producer celt lines exporting the humanized GFP 

Wo have constructed pGlNhGFP in which the SA5T-GFP 
gc dc was replaced by the humanized S65T-GFP (hGFP) g&na, 
transfected the plasmid into ^-GRIP, ¥-2, and PA317 cells* 
and established the producer cell lines in the same way as above, 
Early fluorescence, inclusion body formation, death of bright 



cells, and loss of fluorescence in the cloned producer cells were 
observed, similar to results with the other GPP genes. The 
Southern blotting of the humanized GFP-produccr clones 
showed a high frequency of clones wit!) rearrangements (17/33) 
comparable to that of the native GFP-produccr clones (Tablo 
0- 



DISCU5SION 

Other investigators have recently reported the use of wild- 
type GFP and more highly fluorescent variants as a genetic 
marker m retroviral vectors. In One study, retroviruses contain- 
ing the GFP gene were obtained by transections of DOSC23 
cells (Cheng ct at., 1996) and only transient production of retro- 
viruses containing GFP was documented. Another group has 
established stable producer cells (PA317) oppressing the hu- 
manized GFP (Levy 4ta}.,\ 996). However, these producer cells 
were bulk producers followed for brief periods, not cloned cell 
lines that would typically be necessary for any preclinical or 
Clinical applications. 

We have attempted to isolate cloned stable producer ceil lines 
producing high titer retroviral vectors continuing the GFP gene. 
However, transfected packaging cells with high levels of GFP 
expression died within several days to weeks, as demonstrated 
by following Individual cells via confocal microscopy. It is 
known that GFP can form inclusion bodies in Escherichia cqH 
when it is expressed at high levels (Crameri et aL, 1996). We 
observed inclusion body formation print to cell death in the. 
transfected producer ceils. Bulk-selected celts produced low- 
titer virus for short periods, but cloned ceil lines were no longer 
fluorescent and no longer produced detectable vector RNA or 
biologically active viral panicles- To exclude the possibility that 
direct traosfccuoij of the producer clones prevented successful 
vector production and stable fluorescence, the BOSC23 system 
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FlGi 4. Genomic Southern bloniag of producer cell clones. GFP- (A) and GlNa-prudueer cell tines (B). Genomic DNAs (10 
jig of DNA per lane) were extracted and treated with Sac L which cuts in the LTRs but not within the viral construct sequences. 
The membranes were hybridized with a radiolabeled probe of the neo gcnc-specific DNA sequences. The pfasraids. pG INGFP 
(10 pg of the plasmid, lane 7 in A), pGlXGFP (10 pg of the plasmid, lane 13 in A)> and pGlNa (1 pg of the plasroid. lane 7; 
10 P8. lane 8; 100 pg, Jane 9 in D) were used as the positive controls. Ten picOgrams of pQ INGFP aid pGlXGFP corresponds 
to 1.6 copy per cell, and 10 pg of pGINu corresponds to 2.5 Copy per colt Genomic DNA from NIH-3T3 cells was uwd as the 
negative control (lam? 1 in A and lano 1 in B). 
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GINa 






GINGFP 






GJXGFP 






GINhQFP 




a 


b 


c 


a 


b 


c 


a 


b 


c 


a 


b 


c 


H>-CK1P 


5 


2 


2 


5 


4- 


9 


5 


4 


6 


11 


8 


26 


PA317 


6 


0 


0 


6* 


1 


3 


6 


2 


3 


11 


3 


4 




4 


0 


0 


6 


4 


5 


6 


3 


3 ' 


11 


6 


10 


Total 


15 


2 


2 


L7 


9d 


17 


17 


9 e 


12 


33 


17' 


40 



a, number of clones cA&Tnincd; b, number of clones witb rearranged bands; c, total number of rearranged bands. 
d P = 0-037 (9/17 VIS). 
e p *> 0.017 (9/17 w. 2/15). 
/p» 0.011 (17/33 vy. 2/15). 



was used to infect the same packaging cell lines^ with similar 
loss of fluorescence and death of initially bright producer cells. 

Clones that bad rearranged the provira) genome io such a 
way that GFP expression whs abrogated but that retained the 
/tea gen© necessary for deiectioa appeared to have a strong ad- 
vantage. This phenomenon wa$ not seen In clones derived from 
transection of packaging cells with non-OFP-coutainiug vec- 
tor sequences. The GFP-containing clones not shown to have 
gross DN A rearrangements of the provirus stall did not produce 
viral particles. Presumably smaller- scale deletions, re arrange- 
ments, or even point mutations) occurred in those ceil lines that 
were not detectable by Souihern blot analysis, but cfiac nonethe- 
less abrogated both GFP expression and virus production with- 
out abrogation of the neo gene expression. 

The same problems were observed oven when using hu- 
manized GFP, which was derived to take udvamage of opti- 
mized human-type codon usage in hopes of improving transla- 
Uoo (J*vy et at., 1996: Zolorukhiu et aL f 1996)* The base pair 
changes are oil silent, thus the native and humanized GFP genes 
differ only in their nucleic acid sequences and have identical 
Amino acid Rajucnces. This auggests that the problem of selec- 
tive disadvantage seems to be usaociated with expression of the 
GFP protein, not the gene itself or RNA expression. 

It is less likely that the vector backbone Itself becomes in- 
herently unstable when expressing two transgenes, We have 
succeeded in establishing several producer cell lines containing 
Uw n€o gene in the same position and exposing a second gen* 
inserted into exactly the aume cloning site as GFP, including 
GlNaIL3 (murine imcricukin-3) and GlXmlFNy (murine in- 
terferon- y). Clones producing slot-blot-detectable, biologically 
active virus were obtained at high frequencies after G418 se- 
lection: 17/17 for ClNaU.3 and 32/40 for OlXmlFNy (data not 
shown). 

We have also transfectcd NIH-3T3, COS, arxl HcLa cells 
with non-retroviral plasmids containing S65T-GFP to establish 
stable cell line* expressing GFP. Despite initially fluorescent 
populations of cells, over time the cells were no longer fluo- 
rescent and similar cell death phenomena and inclusion bodies 
were observed under confocal microscopy. Tiiu^ this phenom- 
enon was not restricted, to producer cells or to'proviral plas- 
mTils. TrartAfcctcd HeLa cells retained fluorescence for the 
longest period (2-3 weeks), poswibly becau&c HeLa cells ate 
highly transfoLUjed sad may be more resistant to the deleteri- 
ous effects of GFP. There ui one report of stable mammalian 
cell lines CBHK and CHO cells) expressing GFP (Olson <st al. 



1995). Buc GFP wus expressed as part of a fusion gene prod- 
uct with a cytoskclctal protein. This may have targeted the GFP 
to a location within the cell that was less problematic. Trans- 
genic mice expressing the GFP gene have been reported dkawa 
et al„ 1995), but a systematic examination for any toxicity of 
the gene product has not been performed. Problems with GFP 
have been reported in other model systems. In plant cell trans- 
fection.*, ii has been difficult to regenerate fertile plums from 
the brightest transfecrauts (Maseloff and Amos, 1995). 

The lock or virus production by cell lines containing specific 
vector sequences is not limited to constructs containing the GFP 
gene. Similar phenomena have been observed in producer cell 
lines expressing oncogenes, including db\ and rel (Pear ct a/., 
1993). Initially, the cell lines were shown to produce retro- 
viruses ot relatively high titers, but titers fell sharply with con- 
tinued propagation of the cell lines. Although mechanisms were 
not well undoes loud, it was hypothesized that it was due to some 
deleterious effect of tho gone product (Zlegler et al, 3981). 

Recently, another form of mutant GFP was generated by us- 
ing DNA shuffling to produce molecular evolution, with re- 
sulting 42-fold improvement in fluorescence over wild-type 
G13P (Crnmcri ct at., 199*5). This new variant form of GKP may 
change the behaviors we have observed. Another possible ap- 
proach would be to use an inducible promoter, allowing tran- 
sient expression of GFP for a long-enough time to allow se- 
lection of transduced cells but perhaps brief enough to avoid 
significant toxicity. Currently, GFP i3 not suitable for inclusion 
as a selectable marker in the well-characterized vector/packag- 
ing systems utilized in this paper, but further uoderstnndirjg and 
modification of (bis unique protein may allow more successful 
applications. 
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Retroviral transfer and expression of a 
humanized, red-shifted green fluorescent 
protein gene into human tumor cells 
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*w-\h\r69o1*\Q current Qene therapy protocols use retroviral gene transfer systems. We have 
SfJ^fS ° n iT^JS? mtrovlro ^ basod ™ tt,CK * <hat allows rapid ktontfflcation of gene transfer In living 
^^"v, generated contefnlng a gene lor an Improved (humanbed, recJ-ohlfted) ver- 

eion otthvAequore* wWiyfo green fluorescent protein fhftOFP) from a retroviral vector. The hRGFP gene 
H^^i pr ?l" C * ""P"*"^ vector producer call line that demonstrated vibrant green fluoree- 
^^f^!!L? XCltat,Qn hlt,d Hgnt ' A 375 ^etenome oelte transduced with the retroviral vector demon- 
Tf^OL green naoreacenee. Both PA317 murtne fibroblasts and A375 human cell Unas containing 
^t,T^JS! , ^!L ? f d&tactBd ^ FACS a™*** these vectors represent a eubstantlal improvement 
^fn^^r^itS, 0e ^»^ Oto **W> "ong^term ^on of the hRGFP gone 

£rS S ? el ? W "Li dv ^?° fllud * of transfer, gene expression, and gene product 

function in vttro and in vivo particularly for human gene therapy applicattona. H 

Keywords xetzovJrut, peeu fluon»cefU protein, gen« tram&iv wctor jpfodn«r cdl 



bmcc the inception of DNA transfer technology, there has been an 
intense interest in gene marker systems that allow direct observa- 
tion of transferred genes into living cells. Murine retroviral vectors 
have emerged in (he past several years as the most common vehicle 
to deliver marker genes. Detection of marker* such a* p-galactosi- 
dase, htciferasc, chloramphenicol acetyl trajisferaae, and alkaline 
phosphatase involves either cell fixation that kills the cells or 
antibody-mediated detection. These methods «c often time 
consuming and are prone to endogenous high background. 
Another group of gene transfer markers convey drug resistance 
and thus allow positive sclcctioo of iransfeeted ceil, through 
selection of resistant colonies. Although drug selectable market* 
alJow the detection of living cells expressing the tranfi RC ne 
they require that the cells snrviv* in a toxic environment over a 
long period of time. These problems have led investigator* to 
search for a better gene marker system that provides timely and 
aorurate detection in living cells. One of the most proim*ing new 
markers being developed to investigate gene transfer is the creen 
fluorescent protein CCFP), 

A number of Specie* use a bioluminescent GFP to emit jtrten 
hght after energy transfer from either lucrfcrases or photoproSns'. 
Hie GFP gene product can function as a marker in Jiving cells and 
animate and does not require a substrate (other than light) to visu- 
alize gene transfer*. The GFP gene w** cloned from the Wish 
Aeq uorca nauri*, and the protein waa fouod to have cctrcmely sta- 
ble fluorescence m vitro after stimulation with blue light* 

The GFP cDNA encodes a 238 amino add polypeptide with 
molecular weight of 27 kD>. GFP acts as an ener^Ser accept 
tor thM under physiologic conditions m A. victoria receives energy 
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from an activated actjuorui-cod enter azine complex 0 . The chro- 
mophore is produced from autocyclization of three residues, 
*erine-6S, dehydrotyrosine-66, and glycine-67«. GFP is inactive 
until cydizadon and oxidation of these three residues to generate a 
p-hyo^xybeniylideneimadazolidinone ehromophorc (Pig, l). 
Molecular oxygen hs required for fluorophore formation 7 . The 
formed protein can be column purified renatorcd, and crystallised 
and still maintain its fluorescent characteristics*-'". These results 
prompted expression studies of wfldtype GPP in proltaryotic and 
eukaryotic cells'. This basic understanding of GFP mechanistic: 
properties has led, in turn, to additional modifications to extend its 
usefulness to other systems. Kccently, a gain of function mutant 
GIT gene was generated by Heim and colleagues 11 that altered the 
serine-65 codon to a threonine codon resulting In a red-shifted 
orriranon peak. Tbla red shifted GFP demonstrated superior fluo- 
rescence characteristics compared to wildtypc GFP in proWyotes". 

A few investigators have humanised the wild type codons". 
A. victoria is classified in the phylum Ctenophora, and its codon 
usage is significantly different from that of maiurn^ls. Due to these 
differences, mammalian cells may not efficiently translate wildtypc 
GPP mRNA. In this report, v/n describe the cloning and characteri- 
nation of amphotropic retroviral vectors capable of demonstrating 
efficient, stable transfer of a humanized, red-shifted GFP (hRGFPJ 
gene into mammalian cell*. Retroviral vector- transduced living 
cells have a stable, bright green fluorescence after excitation with 
blue light PA317 VPC or A375 melanoma cells expressing the 
hRGFP vector demonstrated an intense grcenfluorescencc by FACS 
analysis. These findings pave the way for a wide variety of experi- 
mental and clinical applications of modified GFP genes. 



PAGE 20/31 * RCVD AT 121512005 3:48:41 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-6/41 • DNIS:2738300 * CSID:6M3273231 * DURATION (mm-ss):12-52 



DEC-05-2005 14:01 From: BFF LLP 



65Q3E73E31 



To:USPTO 



P.El'31 




AR. 17. 2004" 4:39Pftf"Mail"lHFOGATE-IE INFO EXP 1 



GFP 

* {carboxy termlnuB} 



GFP 

(amino tetmlnus) 



OH 



Plyuro 1. Tha GFP flliorOphon), Blue light stimulates the excitation of 
a cycllzed wfldrype CFPlloorc^hcwforrnsd by s*rfn»-6Bv tyroatne-66, 
and glyicin8-07i emttrJnfl groon fluorascBnoe aftar stimulation. Th* 
rad -shift ad variant contains a mutation that converts seffoa-B3 to 
tnrOOhtne. Hits flasuftB In a rod ahjft of tha exottatlon wavelanolh, 
tnonaased ampirtuda of Fkwroacence, and a fastar rata of fiiKrophor* 
formation 111 tha mutant GFP* 1 . R « H (eartnefc R « CH3 (thrednlre0. 



Results 

Ifcanfifected cell line*. PA3) 7 retroviral packaging cells and A375 
melanoma cells wcic transiently transfectcd with pLNCG or 
pLNChRG plasmids (Fir. 2). These two constructs led to signifi- 
cantly different levels of fluorescence after transient transfcetion 
(table 1). Noatranstocd PA317 cells did not demonstrate green 
fluorescence (Fig. 3A>. Transacted PA317 cells containing the 
i«ldtyp« GFP gene (pLNCG) exhibited fluorescence in <2% of the 
cell population that w«* detected after '44 h (Pig. 3B). However, 
transfecfJon results with the humantoed, red -shifted GFP retroviral 
construct (pLNChRG) were outstanding. Fluorescence can be 
detected as early as 9 h pomransfection. By $6 b, 30% to 40% or 
more of the ceils arc easily visualized, and contain enough protein 
to produce an intense miorescencc (Pig. 3D). Overall, with the flu- 
orescence detection filters used, pLNChRG transfected PA317 cells 
had. enhanced fluorescent intensity and efficiency compared to 
PA317 cells transfectcd with wildtype GFP plasmid (pLNCGJ. We 
did not observe any cytopathte or growth-inhibiting effect due to 
GFP Or hRGJPP in transfectcd cells. 

Stable LNCG and LNChRG retroviral rector producer cellu. 
Stable LNCG or LNCMG PA31 1 VPC were generated by lipofec- 
tion. Iransfected PA317 cells were selected in media containing 
G« 8 (J TOE/ml). These stable LNCG or LNChRG PA317 VPC were 
examined by fluorescence microscopy, The LNCG PA317 VPC line 
lhat contains the wildtype GFP gene exhibited no visible fluores- 
cence after excitation with 420-470 nm light (data not she rwn). We 
therefore analyzed the LNCG VPC line by PCR using GPP 
amplimcrs to detect host chromosomal integration of the LNCG 
vector. The GFP gene was present in all lines tested (data not 
shown). In striking contrast, the LNChRG PA3I7 VPC line 
demonstrated vibrant green fluorescence in nearly 100% of the 
cells after G4 1 8 selection (F^g, 4). The fluorescence in the LNChRG 
VPC line was capable of highlighting many subcellular organelle*. 

Detection in LNChRG transduced A 575 melanoma and 
NlH3T3tk- transduced eel] lines* Supemat*nts from cultures 
of LNCG or LNCbRG PA317 VPC were collected when the cells 
were 90% to 100% confluent Supernatant* were filtered and trans- 
ferred to tissue culture plates containing A375 melanoma cells or 
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Figure 2. Rstrnvtral constructs containing ttie red-ahlfted, huntantxati 
gra«Ji f tuorucafTt protein. Ttw wikftype GFP and tha humanized, fed 
shifted GFP gone wer© donad Into the pLNCX retrovfral backbone". 
Phzsrnld pLNCG wa» constructed by cubclontog a wildtype GFP DMA 
freomant Into pLNCX, The JLNChRQ vector waa oonstructod by 
siafcdonlng a fragrtnnt containing the hiananlzod r red -shitted GFP 
coding ragtori into tha murtl-clonirtg Site of pLNCX. (See Expert mantel 
protoooO. LTH. long ta/rrrinal repeat pA. potyadenylauon alarttd; 
arrowa Indicate trvnocartptlonfll start ottos; ¥ 4 Indicates the* presence 
of ttie vtral packaging soguonoo: OFP. wMtypo erocn Tnioreaccnt pro- 
tein; hftQFF\ hum&ntzdd, maVBhtfted GFP. 



NlH3T3tk- cells. TWenty-foar hours ailer the nnal exposure to the 
retroviral supernatsnts, the target cell* were* placed under G418 
selection. Most cells wfll contain only one integrated copy of the 
retroviral vector (C link, unpublished resulu)- A37S cells trans- 
duced by LNCG VPC demoiutrated no evidence of fluorescence 
despite the &ct that PCR revealed the presence of GFP in the cellu- 
lar genome (data not shown). However, the ncx/ gene transferrer! 
by the LNCG vector was functional, tfnee the A375 cell colonies 
were G418 resistant. In contrast, the LNChRG vector transduced 
A375 melanoma cells had. bright fluorescenct with nearly 100% of 
the selected cells demonstrating brilliant green fluorescent activity 
(Fig. 5A). Similarly, murine NlH3T3tk- fibroblast* transduced 
with the LNChRG retroviral vector demonstrated strung fluores- 
cence in nearly 100% of the cells (Pig, 5B). A373 and NIH>TJtk- 
cells, which do not contain a transduced LNChRG, do not exhibit 
any detectable fluorescence (unpublished results). We did not 
observe any cytopathic or growth-.uxhibiting effect due to GFP or 



Tabid 1. Coll lines oxprosslrtfl groan fluoreacent protein. 



Target 


QFP9»ft» 
transferred 


GFP gam 


Phioffcscanoo 


tyifhsCii vscont 


call Bno 


transfer mathod 


IntanSJty 0 




PA317 


OFP 


Itanslant transaction 


+ 


<2% 


libnobiast 


GFP 


Stable transfecOon 


0 


0 




hRGFP 


Thlnstant trafisfection 




StMOtt 




hRGFP 


Stable transfoction 




>89% 


A375 


GFP 


Transient trarstection 




<2% 


metarona 


GFP 


Stable rBtfOvtral 
iransductten 


0 


0 




hRGFP 


Transient transfsctton 




30-40* 




hRGFP 


Starjld tattrovfrod 
tjanBduclJon 




>39% 



GFP: wtWtypa GFP gene without reo-arrttt miitatlcn or codon modlffcattonfl; 
hRGFP: GFP gene modified bo aanvttt codon 65-&erine to threonlns and 
cod cxi aequensM modified to common mammalian uaaoQ- * Rfltatlvo tnjo- 
rescenos Intend ty under examination by mliroscopy. O Percentage of 
cells exhlbftUtg tluorasoenoa In tha transfectad or transduced population. 



PAGE 21/31 • RCVD AT 121512005 3:48:41 PM [Eastern Standard Time]' SVR:USPTO-EFXRF-8/4t • ONIS:2738300* C8ID:6503273231 * DURATION &nm-ss):12-52 



DEC-05-2005 14:01 From: BFF LLP 6503273231 To:USPTO P. 22^31 

mmm MAR. 17. 2004* 4:39PWFMai l"[NF06ATE-IE INFO EXP^ """NO. 4429^ 5/7™ 

RESEARCH ARTICLE 




Rguw a, GFP dotedton In tansiected cgO Ones, Expression of GFP And hRQFP in mouse RA317 psokaafno 
cell*. Oefa worn terrfacted with OOTAP end 6 u 9 cf «rmor pLNCG or pLNChBO. Cetb warn plated on grana 
covers! Ips before transaction. (A) RA317 cola without DNA trtirafeotlon vlBUGilzed under 40X magntffcation 
uafrin the groan f tycw»M*nt protein LongpasB fitter. 03} PA317 delta tranafsotad wtth 5 ug ptNCG DMA and vlflii- 
afeed after 48 h under 40X rnaonMcstton excftod u^theGFP LOrwaasf^^(AaWTOnm). tC) Sajrwiw 
Wi w«» oddWonal phass contrast Bghtlng (D). FW317 cells tramfootod wtth 5 ug pLNOhRG DNA and Wam*- 
twator 40 ft WQX rrtsgnrfloattori) using the RTC TBter sot (450*490 nm). [E} Seme os (p) wfth aetdftfonai phase 
contrast Bgftttrtfv 



E 




SSJ? i^ 8 ^ ° f h *? FP «=«v»ty in atobla, trararfected 
RA3 V y 00 ** PnxJuoar cells. Expression hRGFP In mouse PA317 
cM^?L" 9 t? 00 Bftcr tranaf#otfon wHh pLNChno and selection 
.-SS^l^ f J^Jl? 8 ** 1 Cwrto 0*°** «W«Jp». PA317 cslfs irane- 
2S^^ m P^^f 0 dualized >34 h ofter nxtfcztfaig usbiq £- 
FTTC After set (40X magrthlcBtlorl). a 9 ™ 



Figure 5. Expression or hRQFP hi human A376 mcf aroma end munne 
N WKttk- flbrobiaat ceOs after transduction with tho LNChRG retrovi- 
ral vector. G418 aaJvcted cells were plated onto glass covarailpe and 
vlsualteed using the FFTC TUter sat (A) A3T76 melanoma cess trans- 
duced Wtth LNChRG retroml vector (40X) msgnirioatlOft* flB) 
NIKJTStk- murine fflrobtast cells transduced with LNChRG retroviral 
vector (4QX magnification). 



hRGFP in transduced ceDs. 

FACS analysis of GFP transected PA3I7 vrcfor producer cells 
and LNChRG transduced A375 melanoma cells. PA3I7 cells that 
bad becu transacted by the LNChRG vector and selected were 
atiatyxed by FACS. Excitation with 4&8 osi light reunited in light 
emission* at 525 nm in LNChRG-containiug cells. PA3J7 cells 
transfectcd and expressing hRGFP (Pig. (SB) were easily detected by 
a two-Jog shift from nontrausfected control PA317 cells (Tig. 6 A)- 
A375 melanoma cells transduced and selected with ihc LNChRG 
vector {Fjg. 6D) were readily detected after excitation by shift in 
detected fluorescence over two logs compared to the control non- 
tiansdticed A375 cells (Fig. 6C). These results demonstrate that 

Ouoresccnce can be quantified with available instrumentation. 

DfsGUSSfon 

We hxrvc demonstrated the effectiveness of * hummed, red- 
shifted, mutant GFP by retxoviral mediated gene transfer into 
human tumor cells and murine fibroblasts. Mutation* of the 

012 



wddLyp* GFP gene have .resulted in GFP gene products with 
mndLfed excitation &ud emission spectra'- l \ The longer wavelength 
excitation peak (475 nm) of native A. victoria GFP has lower 
amplitude tban its shorter wavelength excitation peak (395 nm)'. 
Heim and colleagues" used mutagenesis of the fluorophoie to alter 
the serine -65 residue. They feporLed gain of function mutant* — 
in lvhich serine-o'5 was replaced with alanine, leucine, cysteine, 
or three nine — that *how a single excitation peak (470-490 nm) 
with fluorescence amplihjd es from fourfold to sixfold greater than 
the wiidtype gene product. Interestingly, this mutant also shown 
a more rapidformation of the fluorochromc. We modified GFP 
such that it contained the red-shifled mutation and codons most 
commonly translated in mammals 0 . Wc have evaluated this 
humanized version of a serine-65 to threonine codon mutant that 
demonstrates emission at 510 am in our current gunc transfer 
experimeots. Comparisons between the wiidtype GFP and the 
humanized, scrine-65 red-shifted mutant (hfcGFP) demonstrated 
substantial improvement in fluorescence expression after either 
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transfcctiop or rctrovirfll-TDcdiatod GFP gene transfer (Table 1), 

WUdtypc- GFP and GFP fusion proteins have been used in 
mammalian cells a* marker* of protein trafficking and gene 
exprc5sion , *" , \ Of note, these experiments used transient ttaii£- 
fectton to obtain very high levels of wildtype GFP expression. Our 
experiments are in agreement with these results in that transient 
tranfffectfon which transfers multiple cranage?) e copies of wild type 
GFP expression cassettes were easily visualized, but we found that 
stable transdueed cell* with a single transgene copy of wildtype 
GFP could never be visualized by fluorescence microscopy (Table l). 
However, our results demonstrate that » humanized, red shifted 
GFP transgene in single copy can produce excellent fluorescence 
(Fig. 5). Transgenic mice have been produced expressing a slightly 
modified wildtype GFP gene expressed from the chicken £-acrin 
pTomotcr'V The fingers and rails of these trans gcoic mice were 
distinguishable as green under a fluorescent microscope, and 
homogenized tissoe from the muscle-, pancreas, lung, and Jadney 
demonstrated fluorescence after excitation with 490 nm light. The 
visualization of vector gene expression in living transduced tissues 
with hRGPP may become an outstanding method to study in vivo 
gene transfer used id human clinical trials. 
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Experimental protocol 

Cell CtrtTti«. A3 75 is b human melanoma ceil line (ATCC, ttockvilLe, MD). 
PA317 Is a murine ampho tropic retroviral vector packaging cell line OundJy 
provided by A.D. Miller, University of Washington, Seattle). MIH3T3(k- is 
? murine fibroblast cell line (Jcfrdly provided by Dr Robert Goldberg, 
N1H/MCI). Cella were grown in RPM1 «upplcmcntcd with 10% fetal calf 
Serum (PCS) (Gibco BR1, Gaithersbttigi MTJ) ia moncdnytzs *t 37"C and 
5% CO,. Retroviral Vector producer cells (VPC) were grown in RPMl with 
10% FCS lit monolayers at 37 e C and 5%C0j.AU cciis wej* passaged and 
harvesLed by STeniUnl (Gibco BTlL)djg£*lion vX 37*C. Cells were routinely 
passaged Jl S0% ro 90% confluence. 

Haamid ^rtptreHon and dignxln probes. p<3}?F-Cl containing wildtype 
GFP wa* obtflijicd from dantech {RbIo Alto, CA). pTR^UF2 containing (he 
hUCFP vnti kindly provided Vy Dr. Served Zolotuidiin end Dr. Nichols* 
Miszyczka [University of Florida* Giikjc^viUe). Plaamid DNA was tra in- 
formed into 0H5« competent edb and colonies grown, onX-broth supple- 
mented with ardpioUin (SO jip/mj) plar« (Lfi/AMP) knd -trilLsfcrrcd onto 
nylon membranes. The membrane w*» probed with aDlg-GFP probe using q 
digoccin probe l(it CBoehrinjptJ'- Mannheim, lndknapolis» lit). Primers for the 
.Pig-GPP probe amplification of a GPP fragment were 5' primer 5' GGG 
AAG CTT TTA 1TATTT GTA TAG TTC ATC CAT GCC and 3' primer 5' 
GGG AAG CTT GCG CGT ATT, GGT AAA CGA GAA GAA CTT. Positive 
colonies were grown up in LB/AMP bioth» and pksmid DMA wps isolatrd 
using tbe Qiagcn plasmid prep kits (Qiagcn, Chats worth. CA), 

Construction of GFP retroviral vectors. Primers wrzt made to amplify 
thp 5' end of the CMV promoter/enhancer end the ¥ ewl of the wildtype 
CJP gene from the GFP-Cl vector (Clorucch). The 5' piimer includte 
unique XbaL BamHJ,and NotI rcstric tioai enzyme sites; 5' GGATCT AGA 
GGA TCC GCG GCC GCC TAG TTA TTAATA GTAATC AAT TAC GGG 
GTC. The J' primer indudes J in- fro me stop codons followed by a HmdIII 
restriction emtytnc site; 5' GGA AAG CTT CTA TCA TTA.TTGAGC TCG 
AGA TCT GAG TCC GGA CTT. GTA. The 1-3 W> CMV-GFP PGR product 
was cloned into PCR3-donlng vector (Invlirogea, San Diego, CA) to gener- 
ate piiwnldpPCKS CG- 14. The 1.3 kb fragmeat containing the CMV pro- 
moter and GPP gene was gel isolated ( Jetiorb, Genonjed, Bod Oeynhansetx, 
Germany) from the pPCR5CG-14 vector mln c SamHT and Hindm restric- 
tion digest, The 800 bp retroviral CMV ptOmotor was isolated from pLNCX 
osmg BamHI Mid liindiU and discarded After gd iiolntion of the remaining - 
5-8 kb retroviral vector fragmou, the 1 .3 Jcb CMV-GPP insert waa dirccrico- 
ally cloned to gcaente the pLNCG conatr»ct. Finally, plasmid pTR«-UP2 
(Gene Bpnk Acczvfon 0 U5D963) was restriction dlficStcd with NTotl and 
Ihe 73g bp DNA fragment confAinlng the homanited red shift: GFP open 
reading frame w*s isobted. After K^enow treatment, the blunt ended DNA 
was JigQtcd into pLNCX at tht Hpnl site. The wiltin K plAamid was desig- 
nated pLNChEG- 

Fluorescent delect Jon of greeo Qoorcacent pmteiii expresairtg cells. We 
visualized GFP expressing cells wirh a Nikon JUbOphot-2 nuorc«:ei>t 



B 




6. FAGS anaty&ta- Determination of hflGFP activity In enable 
populottons ot marrimaltari coifs. Cods w©ne trypskwH^oetod and 
washed before analysis In a £PfCS Profile u Analyzer. (A) PA317 pack- 
aging coUb without transf tcllon (nogatrve cantrqMl. (B) LNChflG tmn&- 
fBoiarJ PA317 vector proctUMt O0IE9 expre^alng hPGFP After 
excitation. Th* terQA afitft In peak cfa te c tii mean flL»ra9eonc» eerro- 
sporvda with hRGRP actMrjr> (C) Norrtransckicad A37S colla (negativo 
control). (D) LNChRG tr^naducacJ AS7G oads «xprofisrng hRQFP after 
excrtatlon*. Tha large ahrfl In peak cfotoctod moan fluorescence corra- 
Bppntn> wfth hflGFP aOtJvlty. Tho FU1 emlssSon channel was used to 
grnen tmornocarica. Ootirm eel number counted at given 
fluoFeacenco intansRy; y-axte a log acala of mean tntansitx. 



Microicopc The cube used la the microscope waf either the green fluo- 
rescent protein Lcmgpasa 41015 filter set (excitation at 420-470 nm and 
crnkdon at 490 ro >600 or/i) for the wildtype GPP detection (Chrom* 
lechnology Corporation) or the FITC dichromic filter set (ercltatlon at 
450-490 nm and emission at 520 nm) tot the hRGPP detection, photoflraphs 
were taken UiJflg the Nikon Microfl«c UFX-DX and AFX-DX systems. 

Iranjlent expression of GFP. PAS 17 cdb wcze seeded on a fteriiked cov- 
erslip in a 6-weli di*h 12 to 24 h before rians/ectioo. CelU were at 30% to 
50% confluence ar [be time of DNA traosfecttorL Five ug of DNA and IS pi 
of DOTAP reagent {rJOefariogcr Monnuelrn) was oaed as per the manufac- 
turer^ protocol 'Ihe mixture wu added to the plates containing either RPMI 
1640 wirh 10% FBS, J% I-glummine, and pellicUlin/streptomycln or in 
winm free media. After 10 to 18 h the medio was replaced with KPMI with 
10% PCS. The coverslfp containing tije eeU* wm placed on a slide and exam- 
ined forftuoreJCcnce 9 to 48 h after transfcction. the cdb remaining In the 
well (after the coversUp waa removed) were trypsin digested end Transferred 
to tisane culture cfchei. After attornment these cells were pbcetf under selec- 
tion wfth G4 18 (I mgfml) foi lOtOMdaya. 
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Construction, aubdoniag, and tilering of LKCG and LNChHC rector 
producer cell lines. The pfesmid pLNOG or pLNChRG wis transfccled with 
DOlAP into (he ampbotropic retroviral packaging line PA3 17. IVoiTy-fbur 
himia fetei; the <*))* Were placed. under G418 (1 wg/ml) selection for 
10^-1 4 days. LKCC or LNChRG VPC were grown to approoonulely 90% w 
fluMjcc and supernatant* wece removed to transduce target cdl*. Retroviral 
ftupe/rufeDtB were fikcred though 0.45 jun filter* CNalgcne, Kent, UK), tup- 
plemented with io jig/ml of protamine sulfate *rtd used to transduce A375 
melanoma w NIH3T3tk- fibroblast cells. The target A375 Tnelauoma or 
MH3T5&- cells were 40% to 60fc> continent when tramdnceO. Twrnty-ibur 
houi? after the final transduction, relb were pjaccrf under G418 (1 m$/ml) 
Section for 10 to 14 days. Cells were examined by fluorescence microscopy 
after jticcdmg Uif: cells onto glflia covtf slipa. 

Ftoorcflcence activated cell sortet «naxy»l» of transduced human cells. 
Cytometry of * table hRGPP tranafocted or transduced cells waft performed 
on a Spies Profile n Analyzer. Cells were uuilyzrd using a 325 nm band pass 
filter set (Coulter Corp* Miami, Pt-X Cultures of noilttansfccted PA317 cells* 
LNOjRC transfeeied PA317 crfls, nontransdueed A375 cells, or XNCnRG 
transduced A375 «1U that were 80% to 90% confluent were trypsin differed, 
mahed with RPMI with 10^ FCS. ai>d resnspetided at a «xm<XiitrxKn^if 
approximotely i x ltf ceuVml. AD FACS onaljsis used the PLl emusloo thm> 
nd U> xaonitor gretnfluorejcertcc CnofmaUr a FITC monitor). 
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Interna advice. 
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Use of green fluorescent protein variants 
to monitor gene transfer and expression 
, in mammalian cells , 

Linzhao Cheng*, Joan Fu, Ami tsufcamoto, and .Robert G. Hawfey 1 ; 

Received 2D December 1995; accepted 23 February ] 996. 

aJT^Ct^**" ^o^centprotejt, (QFP), RSGFP4 and GFPS6ST, have bean reo-ntly cm- 

h,™!^5 ^ ^ tt * ^type QFP of A. Wcforf* h, their excitation ma*i*,THdT™ S^t 

SSmS ^F^TJ^. ^ tWnsfact ? d J wi,h *■ ^"tyw QFP Bono. Rotrwlral v**crs oxpmaslnj B," 
IZS^ ^JT^r. f ? conrtructod to dotemilm. their Stability for atabto gena tra ted^Uon imo 

mi^««^^«^#i7 T,uorftocon t signal in viable transduced colls detectable by both fluoreecenre 

Piwtam a vnai martw tor monftonng &nm tnmsfbr and expression in memrneJian eeNa. 

Keywords: i GFft ^CS, fluorescence rofcroscopf, gene trsmducrion, gene tfae^ ' 



The gttai £hiOK5ccnt proton (QFP) fe» the jeEyfch ita^ 
^^^^ 

GFP connste of 258 amino aads *nd requires no omcj-jtowmi pro- 
toi^tx^ or cofcetors to fWsce". Thns, it i 5 superb to Jft£ 
«ponw5 suA « thr £ a*UcZ€myine which tenures transport of a 

markers which require spccific-aimbocjy tfnini&g. 

Detrition of green fluorescence &om the expressed GFP cPNA 
has ^dOTonstratedin several heterologous systems including 
" ^5 tf: r f gam> r ' nd t Kowevcr> the expression 

repottcdJy failed \ K^ntly a fluorescent signal was detected 
by fluorescence microscopy when Gtt^xpie^ actors were 

— It? ° "^7* ""^ wbich <n»W «n be hiX 
expressed*' [unpublished dab,). Thus, the wtGFP expressed* 

^Tl^ mda * 8 Stable green flwSLS 

signal albeit »t a relatively Jow level. 

TherccombinaEt wfGFP purified from f: coli as well as it* 

X^^ 11 ^ ht - » H when ex^tri 
with an uhravioler (UV) source (Xmax - 395 nm), or fluent 

^ ht feSwhB * *** ^ stable ex^n ^orll 

™^^T^ micro.oopcora auoracencc activated cd) sorter 
CBACS) wfll not provide optimal excitation wavelengths for the 
■ £^f;° ^<*™l emission signaU. Fhiot«cc7« micS! 
n«L^ C v^ 0,ll3lin A *r^ 5S ^ter transmitting a blue Jight 
MW n*) which » required to eyeite fluorescein and to dcrivatl^ 

^^r 3 ^ ( ^ 30Dm) - "^^omete.s ^ 

anAigon iobW nined at 408 nm f ^d at 350 nxrx (UV light) if a 
second laser u added la both c^e* the w^velen^ ofexchL Lht 

the Gm 395 nm cxatation maximum, aj»d therefore are not opti- 
606 



nul for detecting the wtGFP rWesoenec ajgnal. 

Two OFP rnataota with ejeo'tarian mwdma around 490 nm h*ve 
been treated. One «uch red-ahifted mutant v^s created by replac- 
ing 3 amino aridV. This mutant QFP (RSGFP4) exhibits cxdtation 
and emission peaks at 490 am **d 505 nm. respectively. The otter 
GFP mui&jit has a single amino acid substituriorj of serinc-6S 
to threonine. GFPS6ST* ^ € r ^i^xprcssed GF?S65T displays 
excitation and emission maxima at 490 nm and 511 nm. respeo 
tivclyi and is sixfold brighter than the wtGFP*. 

We rfiow that the two mutant GFPs display a much brighter 
green fluorescence than the wtGFP in Jiving mammalian cells 
When examined by FACS, GFPS$5T and RSGFP4 are J g^fold and 
24-fold, respectively brighter than the wtGFP, In addition, have 
created retroviral vectors containing the improved GFP gene and 
used these vectors to express GFP in transduced cefla. 

Result* 

Analysis of wUdtype and mutant GPP protein levels in tran*- 
feeted mamnaalian ceUeu To compare the wildtype and mutant 
GFP gene expression in mammalian ce Us, expression vectnrs con- 
taining either the wtGf P, RSGFP4, or GFPS65T were transfectcd 
mto BOSC23 fibroblasts in which the transgene can be highly 
expressed. After two days, monolayers of transfected celts were 
examined by fluorescence microscopy with a fluorescein filter set 
(see Experimental protocol). Celfc transfected with either of the 
two mutant GFP genes displayed much brighter green fluorescence 
than cells transfected with the wtGFP (data not shown). To quafiu- 
tote the relative fluorescence intensities of these three GFP variants, 
transfected cells were analyzed by a flow cyiometer. The GFPS65T 
and RSGFP4 expressed in BOSC23 cells arc apprrxrimatery l fl-rnld 
and 24-fiiId, reipectrvely, brighter than the wtGFP, provided the 
expression levels of all the three GFP? are similar (Pig. J). Similar 
r*ute were obtained with COS-7 cells although a smaller fraction 
*f <X)S-7 cells was transfected (data not shown). In addition, 
bright green fluorescent signals from the expressed GFPS65T and 
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RSGFP4 protein* (recorded in the fluorescein chanheJ) did not 
spill over into the second emission channel, which is u*ed to record 
other fluoiophores with an emission wavelength longer than fluo- 
rescein (data not shewn). This allows us to analyze or sort cells 
coexprcssius GFP end another marker, using an appropriate tluo- 
rophore which fluoresces in the second channel. Likewise, we can 
analyze cells using a fluorescence microscope equipped with a dual 
bandpass fiJtev set for two coloi analyses. 

Since the emission minimum of RSGFF4 is measured at 505 nm 
lr vitro, wr investigated whether a 515/20 niri filter (vrliicli Selec- 
tively transmit* 50J to 525 nm emission light) -would be better 
than the standard filter (330/30 nm), which is optimal for fluo- 
rescein emission. Using the RSGFP4-transfcctcd BOSC23 cells, 
we observed little difference in signals between ihe two filters. 
However, the background green fluorescence displayed in jnock- 
transfected cells was twofold to threefold lower when the 515/20 nm 
filter was used (data, not shown). Similar observations were also 
made wtch other cultured cell* snehas PA3J7 murine fibroblasts. 
Therefore, the ratio of the R5GFP4 signal to ncdse (i.e., background 
cell green fluorescence} in a FACS analysis can be improved two- 
fold to Threefold if a 513/20 nm emission filter i* uxetL 

GFP expression via irtroviral-mcdiatcd gene transduction, A.n 
improved GFP gene trj^r can be detected rapidly and ncninviuively 
would be an Invaluable tool for defining gene transduction strategic* . 
Since retroviral vectors are widely used for stable gene transfer, the 
RSGFP4 gene was inserted into the murine stem cell virus vector 
CMSCV) to examine the use of GEP as a reporter gene for retroviTal- 
mediated gene transfer and expression. In this CFP-cxpressing vector 
(MGPN), expression of the RSGEP4 gene is con trolled by the long- 
'terminal repeat (1TR> white a selection gene (neomycin) is driven by 
sr> internal promoter (Kg. 2). The MGPN vector was transacted into 
the BOSC23 ecotiopic packaging cell line* and cell* were analyzed by 
FACS -two days after rransfectiorL Approximately 28% of the cells 
emitted a green fluorescent signal (Fig. 3B). Supernatant from the 
transacted producer cells was then collected and tested for viral pro- 
duction measured by neomycin gene transduction of NIH3T3 eeJK 
The end-point titer of the MGPN and MSCV retroviruses was simi- 
lar, ranging from approximately 0.5 ho 1 X 10* G418-resistant colony 
forming units per milliliter (cfp/mJ), These results indicate that the 
RSGPP4 gene is rot detrimcnta] to vhus production. 

Jn addition to measuring retroviral transduction of NIH3T3 
cells by neomycin selection, we also examined GFP expression 
mediated by infection with the MGPN retrovirus. NIH3T3 ccBs as 
well as an nmphorropic packaging line, PA3 17 murine fibroblasts* 
were infected with either MGPN or the control MSCV virus. The 
infected cells were then cultured for four days in the absence of 
G4 1 S selection , before living cells were harvested and analyzed by 
FACS. More than 90% of MGPN -in fee ted PA31? cells emitted 
green fluorescence compared to 0.5% for control MSCV-infected 
cells (Fig. 4). MGPN-in(cctcd cells yielded a positive population 
with a peak fluorescence 15-fold greater than background fluores- 
cence of the PA317 packaging cells, Therefore, GFP can be stably 
expressed in mammalian cells via a retrovir al-mcdxated gene trans- 
duction. The GFP fluorescent signal in transduced NIH3T3 cells is 
less significant, mainly due to the high background fluorescence of 
NIH3T3 cells (data not shown). 

To determine whether viable GFP-cxprcwing cells could be ' 
selected by FACS based on their fluorescent signal, we sorted out 
and subecCjucntly expanded the top 1 0% of the MGFN- infected 
PA317 celli displaying the brightest fluorescence. More than 
90% of sorted celts were viable and resistant to G416, After 7 days 
expansion in culture, sorted producer cells displayed a brighter 
(approximately fourfold) fluorescent signal than the unsorted cells 
(Fig. 5). In addition, the end -point virus titer, produced by the 
sorted cells (approximately 1.0X10* cfu/ml), increased fourfold 
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Rduk» 1. FACS analysts of GFP sane expression In transacted human 
ceUa. OFP-axprtjcainfi ptaamlda oo training either the wtOFP gone (A), 
GFPE65T (BJ, or RSGFP4 (C) ware wentf to mmafect B0SC23 coda. 
Forty hour* peat tiansfacuon, adherent oefe war* harvested and 
gnten fluoiescence from trangtettdd calls wad aftalyxod by a flow 
cvtofneter tuned at 488 nm. Tho relative numbers of viable celts wero 
then plotted a* tho function cf variant* Intensities of greert fhiorea- 
eenoe from Individual oeie). The profile of luocfc-transfectad calls 
(dotted Unas) to overlaid for comparison. The retail VO Intensitfe* of 
the peak tfrean tiuoroscanoe from oaUs trmafected with DQFF^CI, 
pGFpswtci and pRSGPP^CI are respectively i**otd. Sia-feld 
and 400-fold, greater than that 01 moctt-trarefected calia. Therefore. 
GFPS05T and R30FP4 expressed in BOSC29 ceOs are approxlmotely 
1*-fold and 24-foW, respectively, brighter than the wtQFP. 



MSCV 



MGPN 



MIG 





ibi» I WSCPP4 H -—-I 



Figure 2. GFF-axprsBsbis P&tnn/Jral vectora. Murine stem ocN vtru* 
(M3CV) with a neomycin (neo) gsne driven by an Internal promoter 
PGK-1 la tfta parnntaf vector. MGPN, the B5QFF4 gene la transcribed 
by the lona^ormln'el repeat (LTR) of the MSCV. MIQ, an Internal rfbo- 
soma entry aaquenco {IRES) waa placed upstream of the R3QFP4 
gene; the Interna! PQK-1 promoter and* neo gene were defetedl See 
Expcrtmantal prctoool for dai^ll^ 



over unsorted P/lMGFN producer (0-2 X 10* cfu/ml). 

To coe?cpxe*s the GFP gene with another gene of interest, an 
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SK^^S* ^ tW8k> ° J", P«cKQo»no calls nanribcted 

wfth retroviral vectors contelninn the RSGFJm gene, BOSC23 ctifts 

Sl*^***^ afiortraiHtoctfon ae In Plura l. Trie p«W 9 of c55 

2S^^£?2^ noX MGP 2 "* M&trWeciOd cells contain a 
e»ll .P^PwJWft bmminff green fJuorBscenoe (28^ and 2iSrt nuMC- 
t*v«W over 1ft* background (<X3tt In MsC^trosfacted cage). 



A (WISCV) 



B (MGPN) 



C (MJO) 




vlffi ^ QFP J? mediate by r*tre- 
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internal ribosomc entry sequence (FRKS) was placed upstream of the 
GFP gene in the MGPN vector after deleting die neomycin gene 
(Fig. 2). This construct create* two independent traruilational units, 
eliminating possible alterations in the CFP or the gene of interest 
.resulting from the fusioc of the two proteins. The IRES-contaimrtg 
GFP retroviral vector, MIG> displayed slighriy weaker fluorescence in 
uarvifectcd BOSC23 packaging cells than the MGPN vector (Fig. 
3C). MIG viruses produced by BOSC23 cell* were then used to infect 
PA317 cells as before The infected cells emitted a fluorescent signal 
similar to cells infected with the MGPN vector (Fig, 4C). Together 
these sludge* demonstrate that CFP variant* such as J&SGFP4 pro- 
vide a simple method for selective cell sorting and isoiatioo of fcigh- 
titcr viral producer clones based on the fluorescent signal. In 
addition, GFP variants can be coexpressed as a vital marker to moni- 
tor rettovM-mediAted gene transfer and expression. 

Discussion 

We have analyzed the expression of wildtype and mutant GFP 
(GFPSfST and RSGFP4) in several types of mmumalian cells and 
sbowthat these proteins are stable and properly processed to form 
functional ftooraphorea. Expression of GFPs, either transiently or 
stably, arc not detrimental to host cells. The GFPS65T and RSGSF4 
are 18-fold and 24-fold, respectively, brighter than the wtGFP 
in mammalian cclh as measured by flow cytometry. Therefore, these 
GFP variants are superior to the wtGFP for use with odrnmonfy used 
instruments optimized fox fluorescein. In addition, the inclusion of 
RSGFP4 docs not reduce the viral titer or the transduction efficiency 
of retroviral vectors. The improved GFP can be a useful marker 
either for monitoring gene transfer and expression, or for selecting 
transduced cells and high- titer viral producer clones. 

A potential disadvantage of using GFP, over other reporter 
genes such as the IacZ gene, is its sensitivity limit This could 
become critical in some applications in which the GFP gene can 
only be expressed at a low level. In these Cases, GFP*s green fluores- 
cent signal may not be much over the background fluorescence 
of some target cells. Functional p-galactn«dases (in tctramcric 
forms) encoded by the IacZ gene, in an hour can catalyze more 
than 10 s substrate molecules, and prolonged incubation with 
excess substrates will further increase its maximal sensitivity 18 . 
Howevtr, the IacZ gene has some intrinsic limitations including; 
(1) endogenat* 3-galactosidase activities in TO me mammalian cells, 
£2) the requirements to transport fluoiogenic substrates across eel) 
membrane and to maintain the cleaved fluorescent products 
within viable cells, and (3) the enzymatic reaction time 1 *. The latter 
two may limit the ability fo sort viable cells expressing the IacZ 
gene, and prohibit real-time detection. In addition the IacZ gene 
(308 1 bp) is significantly larger than the GFP gene (710 bp), which 
may lead to reduced titers of retroviral vectors corjtsiiung & D addi- 
tional gene of intern*. Although we may not be able to reach the 
upper limit of sensitivity of the IacZ enzymatic assays, on improved 
CFP detection system and/or use of a forther-improved GFP gene 
may constitute a more versatile reporter and vital marker that is 
sensitive enough for most biological appKcations. 

We can envision several ways to further increase fluorescence 
sensitivity using GFP. One way is to place the improved GFP on the 
surface of cells to make it more accessible. Our prehminary experi- 
ments show that we can make afunctional GFP associated with the 
outer cell membrane (dara not shown). The localization of GFP on 
the cell membrane should also help the detection and imagery by 
fluorescence microscopy which is normally less sensitive than 
FACS. Alternatively, other GFP mutant? known to be very bright in 
£ a>b n may also he brighter in mamraalkn ceus. Applications may 
include monitoring gene transfer and expression in gene therapy 
protocols, monitoring specific gene expression during criticnl 
developmental and disease itates, and screening drugs which mod- 
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ulatc the regulatory elements of gene expression. 
Experimental protocol 

DNA manipulations itnd expression vector construction* Mammalian 
expreMWA vector* containing either the wtGFP gene (pGPP-CO or lie 
RSGFP4 (pRSGFP-Ci) were obtniaed from Ocotech laboratories (Palo Alio, 
CA)- In these verrorit, the GFP genes are controlled by the immediate early 
promoter dJ human <y tOJixegpalovim* 1 . The vector containing the S65T point 
Mutation was rnwlc by replacing the Ndel fragment £220 bp) In pGFP-Cl 
with a PCR-jreneraLcrt fragment containing a mutator pximer based on the 
publish* d Aequcnct*. lb make GFP -containing retroviral vector** the 750 bp 
GFP fragment (from £c047UI TO Xliol) from pRSGFP-Cl was doned is to 
the MSCVncoEB vector of the Hp*I and Xhpl «tw ,r . The MSCVneo&B 
(MS CV) vector also contains a neomycin gene controlled by the intern al 
PGK-1 promoter This CFP-expressing retroviral vector is named MGPN. tt> 
aeatc the retroviral vector MTG. in which the RSGFP4 « downstream to an 
internal r J bosom e entry s«qaenec (IRES), the neomycin gen* expression eaa- 
*tte < 1300 bp) wu first deleted com MGFN, and a 600 bp IRES fragment" 
was then inserted upstream to the RSGFP4 gene {the details of Construction 
will be published elsewhere or provided opon request). All the pis* raids were 
amplified in the DM 5a L &U strajh (BRL, Csitherburg, MD)> and purified 
using a Prornega's midi-prcpaiptio^ tdt (Madison* WI). 

Cell culture, rransfbctioa, Cluufciceoce microscopyand FACS. Culture 
media (DMHMJ were purchased from a^d fetnl calf serum (PCS) from 
Hytlone (I-Q^n> UT). An ceo tropic packaging ceil Hne BQ5C23, derived 
from tbe SV40 T antigen-transformed 293 liurttta embryonic Iddaey (293T) 
fibrubhiis. waa cultured in DM£KC plus ill* FCS"- The ?A317 amphotropic 
packaging celU **re cultured with DMBM plus 5% FCS". For transection, 
ndsr-conJluent BOSC23 cella were incubated with the precipitating mixture 
of CttPO* and latoratiug amounts of ptomids for 8 b before being replen- 
ished with fresh rncdinm**. Unless otherwise in die ate dp BQSC23 cells were 
harvested by Cf ypsln/BDTA (BRL) 40 b poirronsfection, and resuspended 
in PBS plttd 5 mM EDTA and 0.3% BSA for VACS analyses. Prnpidiiim 
iodide (0.5 iLg/raO was added to the cell suspension to csdudedead or dying 
cell* frum FACS analysis. Eith er a PACScan cytometcr Of FACStar*" sorter 
(fteclon DieUnwin, San Jose, CA) equipped «dib an Argon ion luter tuned at 
488 nm wtt uiedi and green fluorescence is recorded in the FLl em i? skin 
channel (normally used to detect fluorescein or ito dcrmtW«). Unless other- 
wise indicMcd> a standard i$0/30 nm fiber is used for the Hi 1 emilsion 
channel. We have also compared a 315/20 emission filter with the 5>0/30 
filter in the tACStar^ sof i<* (all filters arc made by Chroma Technology 
Corp., Brsttleboro, VT). Cells infected by different GFP-contaminc; vectors 
were analyzed limilariv. An Olympus fluorescence microscope with a 
mercury arc lamp (100 Watt) and a fluorescein filter act (consisting of a 
480/40 nm excitation filter snd d 535/50 or* amission filter) w*a used to 
detect GFP in Irvine cells, or fixed Cell* treated by 3.6% para- forioaidehvde. 
Fluorescence in living cells cnltured oft plastic dishe* ( wjlli fall media) is 
readily detectable within 24 h after trJirtsfection VfUh the GFP65T-or 
R5CFP4-expres3ing plasmid. the signal was further enhanced when the 
media was replaced by PBS. 

Retroviral praducthm and mf^oii. Ibr BOSC23 celh wen: also ilsed to tetit 
the rerrovlraj oci»ttucts axkl to produce ecotropic iLUuvi ruacs'*. Two days after 
trassfeetiofl, eooOtiexit J0OSCZ3 cell? were incubated with a minimal volume of 
fresh medium at 32°C Taen supernatant coattining virus w» collected every 12 
to 24 h over die next 72 h. The endpoint titers of viral docks were measured 
based on tix neomycin gene transduction in N1H3T3 cclh (10 days in the pres- 
ence ofl mg/nd active from BRL). Viral infection was done essentially- the 
aanw k ihe published protOCoP. Aftmwrd cdl peUets were rejuspended in &«ah 
mfidium and cultured fee 2 to 5 day* before bdng analy^d by FAC$. 

Note added in proof 

Yanget zl also reported I hat by using fluorescence mxrogcop> tbey can detect 
grcan fluoresesiee From R5GFF4 and wildtyp* GFP In CHO-K1 mammalian 
ceils tmnsftctcd respectrvety wiih thepRSGPP-Cl ar^d pGFP-Cl expression 
plasmlds. Yang, T.-X, Kain, S.E, Kilts, P., Konrlrpudi^ A. Yj»n£, M.M., And 
Youvah. D.C. 1996. Duel color microscopic imagery of cell* expressing the 
green fluorescent protein and a red-shifted variant. Gene (in pnus). 
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Is green fluorescent protein toxic to the living cells? 
Liu HS, Jan MS, Chou CK, Chen PH, Ke NJ. 

Medical College, National Cheng Kung University, Tainan, Taiwan, Republic of China. 

Green fluorescein proiein (GFP) has become more popular to be used as a living marker for 
positively transfected clones m many studies. To establish stable cell lines constitutively 
expressing GFP, ihrcc GFPs expressed from plasmid pBIEGFP, pSG5GFP, and pRSGFP 
were introduced into NIH/3T3, BHK-21, Huh-7 ( and HepG2 cells. AH the GFPs we used art 
the mutant forms of a common wild phcnolype. The pBIEGFP expressed enhanced GFP 
(EGFP). The pRSGFP and pSG5GFP expressed red shift GFP (RSGFP). The RSGFP gene 
in pSG5GFP was driven by a strong SV40 promoter and showed at least 20-fold higher 
RSGFP expression by western blot analysis. Despite of the variation in the levels of GFP 
expression, many GFP expressing cells contracted, rounded-up> and died, which was 
confirmed by decreasing luciferase activity. CPP32 activity and flow cytometric analyses 
further demonstrate that cells expressing GFP underwent apoptosis - Our observation is 
contradictory to other reports that GFP is nontoxic to the cells. Most importantly, Uusjgapcr^ 
shows for the flrsttime the link between expression of GFP and induction of apoptosis , Tfus 
finding should promote studies 6TGFP cytotoxicity and attempts to isolate new non -tox ic 
mutants of GFP. Copyright 1999 Academic Press. 

PMID: 10403831 [PubMed - indexed for MEDLINE] 
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Five recombinant simian immunodeficiency virus pseudotypes 
lead to exclusive transduction of retinal pigmented epithelium ic 
rat* 

Duisit G, Conrath H, Saleun S, Folliot S, Provost N, Cosset FL, Sandrin 
V, MoullierP, Rolling F- 

Laboratoire de Therapie Genique, CHU-Hotcl DIEU, Bat. J, Monnet, 30 
Avenue J. Monnet, 44035, Nantes Cedex 01, France. 

The purpose of our study was to evaluate tentiviral vector-mediated rat retinr. 
transduction using simian immunodeficiency virus (SIV) pseudotyped with 
envelope proteins from vesicular stomatitis virus G glycoprotcin-(ySV-G), 
Mokola virus G protein (MK-G), amphotropic murine leukemia virus 
envelope (4070A-£nv), influenza A virus hemagglutinin (HA), lymphocytic 
choriomeningitis virus G protein (LCMV-G), and RD114 retrovirus envelope 
(RDl 14-Env). The six pseudotyped lentivirus vectors carried CMV-driven 
green fluorescent protein (GFP) or beta-galactosidase (beta-gal) reporter 
genes. Intravitreal and subrctinal injections of each pseudotyped recombinan- 
SIV were performed in cohorts of Wistar rats. Our results showed that no 
transgene expression was detected after intravitreal injection of each 
pseudotyped SIV vector. Also, no transduction could be detected following 
subretinal injection of RDl 14 pseudotyped SIV vectors. However, selective 
transduction of retinal pigment epithelium (RPE) cells was repeatedly 
obtained after $ubretinal delivery of VSV-G, MK-G, 4070A-Env, HA, and 
LCMV-G pseudotyped SIV. GFP expression was maximum as soon as 4 day 
postadministration for VSV-G, MK-G, 4070A-Env, and HA pseudotypes, 
with no evidence of pseudotransduction for VSV-G. Maximum transgene 
expression was observed 3 weeks postinjection for LCMV-6. Importantly, 
HA and VSV-G pseudotyped SIV lead to such a high level of transgene 
expression that GFP-relatcd toxicity occurred. Therefore, when a high level 
of GFP synthesis is achieved, replacement of enhanced G^P (eg jfp, Acqiprcs 
victoria) by a low-toxicity GFP (Renilla reniforrnis ) cDNA is necessar y to 
allow long-Term expression. 



PMID: 12377185 [PubMed - indexed for MEDLINE] 
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Vitality® hrGFP II Mammalian Expression Vectors 



• Easy to detect 

• Brighter than EGFP 

• Less toxic than EGFP 

• Antibodies now available ^ Manuals 

> Vector Maps & Sequences 
Green fluorescent protein (GFP) has become an extremely versatile tool for > Brochures 

tracking and quantifying biological entities in biochemistry, molecular, and > FAQs 

cell biology research, as well as high-throughput screening and gene . . _ 

discovery. The search continues for brighter and spectrally distinct Reiarea produces 

fluorescent proteins to expand this research. Our new and improved 
Vitality® hrGFP II fluoresces brighter In mammalian cells and is less toxic 
than EGFP, making it easier to use for mammalian expression experiments, 
Oetectable by fluorescence microscopy and flow cytometry, hrGFP ti Is 
optimal for mammalian expression studies, including gene expression, 
tronsfection efficiency , and protein localization. 

Hide Detailed Information 



Brighter Is Bettor, Less Toxic 

Vitality© hrGFP II Is the next generation of our humanized, Ren 1 1 la renlformls green fluorescent 
protein (hrGFP). The fluorescence spectra for hrGFP and hrGFP 31 are essentially identical to the 
published spectrum for the purified native protein, with the major excitation peak at 500 nm and 
the emission peak at 506 nm. 

After random mutagenesis of the original hrGFP, Vitality hrGFP II fluoresces four times brighter 
than our original hrGFP and two times brighter than EGFP, the AequOrea victoria jellyfish variant. 

Furthermore, viability experiments with wild -type hrGFP show that the expression of functional 
fluorescent protein In retrovirus-transduced cells is substantially more consistent and less toxic 
over tlrns and passage number for hrGFP th3n for EGFP. Thus, stable GFP -expressing ceU lines 
will be produced much more efficiently using our hrGFPs compares* with ECJFP. 

Tools to Enhance Your GFP Detection 

We offer three vitality hrGFP II vectors for mammalian expression. These vectors support a 
variety of expression configurations, thus providing ideal expression options for each specific 
application. HrGFP II allows expressed genes to be easily visualized using fluorescence 
microscopy or fluorescence -activated cell sorting (FACS). 

we al$o offer a Vitality full-length hrGFP polyclonal antibody which recognizes the wild type green 
fluorescent protein, hrGFP, and the hrGFP u mutant as well as N- and C- terminal fusions to these 
proteins. Applications include Western bJotdng, imrnunopredpltation, and flow cytometry, 
Because nrGFP is derived from a different organism, the hrGFP antibody does not cross react with 
the Aequorea victoria GFP variant, EGFP- 
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